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以精确控制 CDC 层的厚度。氮化后，厚度为 0.5μm 的 CDC 层转化为厚度为 0.2μm
的 BN 涂层。获得的 BN 涂层主要为 h-BN 和残余碳，厚度均匀、表面光滑、径
向成分分布均匀，并且与 SiC 纤维结合良好；BN 涂层涂覆的 SiC 纤维的强度保
持率约为 80%，体积电阻率较原始 SiC 纤维增大三个数量级，从 0.7Ω·cm 到
262.4Ω·cm；900C 热空气氧化后，BN 涂层被氧化成 B2O3，涂层变得更加致密。 
以 上 述 BN 涂 覆 的 SiC 纤 维 为 增 强 体 ， 采 用 PIP （ precursor- 
impregnation-pyrolysis）法制备了 SiC/SiOC mini 复合材料。研究发现，没有 BN
涂层时，复合材料断口无 SiC 纤维拔出，表明纤维与 SiOC 基体界面为强结合，
呈脆性断裂。有 BN 涂层时，复合材料断口有明显的 SiC 纤维拔出和脱粘现象，
呈现假塑性断裂的行为，表明 BN 涂层对调节纤维与基体的界面结合力具有显著
效果。 

















High quality boron nitride (BN) coatings have been grown on silicon carbide 
(SiC) fibers by carbothermal nitridation and at atmospheric pressure, using 
trimethylborate (TMB) vapor as source of boron, ammonia as source of nitride. 
SiC fibers were first treated in chlorine gas to form CDC (carbide-derived carbon) 
films on the fiber surface. The CDC-coated SiC fibers were then reacted with TMB 
vapor and ammonia vapor at 1300C, forming BN coatings by carbothermal reduction. 
The FT-IR, XPS, XRD, SEM, TEM, AES, resistivity test and the tensile test of single 
filament were used to investigate the compositions, microstructure and performances 
of the obtained coatings. It has been found that the thickness of the CDC film can be 
precisely controlled by adjusting the temperature and duration of chlorination process. 
After nitridation, the 0.5μm thickness of CDC film on the SiC surface transformed to 
a 0.2μm thickness of coating contained phase mixture of h-BN and amorphous carbon. 
The obtained coatings are very uniform in thickness, have smooth surface and adhere 
well with the SiC fiber substrates. The BN-coated SiC fibers retain ~80% strength of 
the as-received SiC fibers and their electrical resistivity are three orders higher than 
the as-received one, from 0.7Ω·cm to 262.4Ω·cm. The BN coatings oxidized into 
B2O3 and became denser when treated in the air at 900C. 
The pull-out test was conducted on SiC/SiOC minicomposites prepeared by PIP 
method, with the obtained BN-coated SiC fibers as reinforcements. For the SiC/SiOC 
composites with no interphase, the fracture surface was very even without fiber 
pullout, showing a strong bonding at the fiber/matrix interface and a brittle fracture 
behavior. Contrarily, in the case of the SiC/SiOC composites with BN interphase, the 
fracture surface showed an obvious interface debonding and fiber pullout and a fake 
plastic fracture behavior. It can be concluded that the BN coating with layered crystal 
structure has a significant effect on controlling the bonding between fibers and matrix 
in CMC. 
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图 4.9 SiC 纤维的 XRD 衍射图谱：（a）SiC 纤维，（b）氯化后 SiC 纤
维，（c）氮化后 SiC 纤维 
图 4.10 SiC 纤维氮化前后拉伸强度的 Weibull 分布：（a）Weibull 分布直
线图，（b）Weibull 密度曲线 
图 4.11 含 BN 涂层的 SiC 纤维氧化前后的 XRD 图：（a）BN-SiC，（b）
氧化后纤维 
图 4.12 BN-SiC 纤维氧化前后的傅立叶红外光谱图：（a）CDC-BN/SiC，
（b）氧化后纤维 
图 4.13 含 BN 涂层的 SiC 纤维氧化后的 SEM 图 
图 4.14 CDC-SiC 纤维在 1150°C 和 1300°C 氮化后的 FT-IR 对比图:（a）
1300°C，（b）1150°C 
图 4.15 CDC-SiC 纤维在 1150°C 氮化后的断面和表面形貌 
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